The architecture of the panicle, including grain size and panicle morphology, directly determines grain yield. Panicle erectness, which is selected for achieving ideal plant architecture in the northern part of China, has drawn increasing attention of rice breeders. Here, dense and erect panicle 2 (dep2) mutant, which shows a dense and erect panicle phenotype, was identified. DEP2 encodes a plant-specific protein without any known functional domain. Expression profiling of DEP2 revealed that it is highly expressed in young tissues, with most abundance in young panicles. Morphological and expression analysis indicated that mutation in DEP2 mainly affects the rapid elongation of rachis and primary and secondary branches, but does not impair the initiation or formation of panicle primordia. Further analysis suggests that decrease of panicle length in dep2 is caused by a defect in cell proliferation during the exponential elongation of panicle. Despite a more compact plant type in the dep2 mutant, no significant alteration in grain production was found between wild type and dep2 mutant. Therefore, the study of DEP2 not only strengthens our understanding of the molecular genetic basis of panicle architecture but also has important implications for rice breeding.
Introduction
Rice is one of the most important food crops in the world, feeding over half of the global population. The architecture of rice plants represents a combination of important and complex agronomic traits. Modification of plant architecture to create new elite cultivars is considered as a viable approach to increasing grain yield [1] . So far, numerous QTLs or genes controlling plant architecture have been cloned [2] [3] [4] [5] . In the case of the 'Green Revolution', grain yields have been significantly increased by growing lodging-resistant semi-dwarf varieties of wheat and rice [6, 7] . have been reported; EP2 was mapped to chromosome 4, and EP3 encodes a putative F-box protein [15, 16] .
The development of the rice panicle is a complicated process, which has been categorized into nine stages according to landmark events during the developmental course. Interestingly, rapid elongation of the panicle does not start until stage In 8 [17] , when inflorescence meristems abort and all floral organs, like primary branches, secondary branches, and spikelets, are differentiated. Currently, several genes involved in the formation or initiation of floral meristems have been isolated [18] [19] [20] [21] [22] [23] [24] . MOC1 (MONOCULM 1) is required for both vegetative and reproductive axillary meristem formation [23] . The b-HLH transcriptional regulator, encoded by LAX (LAX PANICLE), is involved in the initiation/maintenance of the floral branch meristem [21] . FZP (FRIZZY PANI-CLE) is a positive regulator of floral meristem identity, suppressing the formation of axillary meristems of rice spikelets [22] . Rice FON1 is shown to be an ortholog of Arabidopsis CLV1, which controls floral meristem size and floral organ number [24] . APO1 (ABERANT PANI-CLE ORGANIZATION 1) participates in the formation of floral organ and primary branch phyllotaxy [19, 20] . Os-CKX2 (CYTOKININ OXYDASE/DEHYDROGENASE), which encodes a cytokinin oxidase, affects grain number by modulating the content of cytokinin, suggesting an important role of cytokinin in rice panicle development [18] . Recently, SP1 (SHORT PANICLE 1) has been identified to encode a putative transporter that belongs to the peptide transporter (PTR) family and may function as a nitrate transporter. The sp1 mutant is defective in rice panicle elongation without affecting the initiation or formation of floral meristems [25] .
Here, we report the study of two allelic dense and erect panicle mutants, designated as dep2-1 and dep2-2. Cloning and characterization of DEP2 reveal that DEP2 is a novel protein, affecting the elongation of panicle branches.
Result

Characterization of dep2
To elucidate the molecular mechanism of panicle erectness, two dense and erect panicle mutant alleles, dep2-1 and dep2-2, derived respectively from Oryza sativa L. ssp. japonica cultivar Zhonghua 11 and Nipponbare were identified [26] . Phenotypic analysis indicated that the morphology of dep2 was comparable with the wild type plant from the vegetative developmental stage to the early reproductive stage. However, wild type panicles begin to bend 3 weeks after flowering as grain weight increases, while the panicles of dep2 remained upright, even after the grains were fully matured ( Figure  1A ). Besides panicle erectness, the dep2 mutants also showed a slight reduction in plant height ( Figure 1A and Table 1 ), an obvious decrease in panicle length ( Figure  1B) , and a significant increase in both rachis and stem diameter ( Table 1 ). The leaves of dep2 are short, wide, and erect, and the overall appearance of the mutant is more compact compared to the wild type (Supplementary information, Figure S1 ). Detailed analysis showed that there were no difference in the number of primary and secondary branches ( Figure 1D ), and the total number of spikelets per panicle between the wild type and the mutant ( Table 1 ). The grain density is increased due to the decreased panicle length but not the change of grain number. The grains of the mutant are wider and shorter than the wild type ( Figure 1C) , causing a slight decrease in the 100-grain weight, 2.51 g in dep2-1 in contrast to 2.72 g in Zhonghua11 (Table 1) . These results indicate that mutation in DEP2 has pleiotropic effects on plant architecture, and that increased diameter of the rachis and decreased panicle length altogether contributed to the dense and erect panicle phenotype.
The dep2 mutant is defective in the elongation of young panicles
Scanning electron microscope (SEM) observation of the developmental course of the panicle was carried out to examine the defects in dep2 panicles. No significant difference could be observed between the wild type and the mutant at early developmental stages, including the generation of the first and second bract (Supplementary information, Figure S2A , S2E), and formation of primary and secondary branch primordia (Supplementary information, Figure S2B , S2F and S2C, S2G) and flower organs (Supplementary information, Figure S2D , S2H). We could not find any difference when the panicle of wild type grew to 1 cm long ( Figure 2A) ; however, the panicle length of the mutant was reduced by about 30% when the panicle of the wild type was 5 cm long ( Figure  2B ). The delayed growth lasted through the rest phase of panicle development, leading to the reduced panicle length ( Figure 2C-2E) . These results are consistent with the developmental course of the florets ( Figure 2F-2J) . Development of rice inflorescence is categorized into nine stages. Proximal primary branch primordia, in spite of earlier formation, seem not to elongate until the last primordium is formed, and all the primordia almost simultaneously start to elongate at In 8, when the length of inflorescences reaches 40 mm and differentiation of all floral organs is finished [17] . On the basis of these categories, we may conclude that the erect panicle in dep2 was caused during the late stage of panicle development, while the formation of primordia and differentiation of spikelets were not affected in young panicle development.
To investigate whether the defect in the elongation of the inflorescences in dep2 mutant was caused by abnormal cell elongation and/or cell proliferation, we compared the longitudinal sections of uppermost internodes, rachis axis, and florets at the late stage of heading. No difference could be detected in cell length in any of the three organs between the wild type and the mutant ( Figure  3A -3F), suggesting that decrease of the panicle length may be caused by a defect in cell proliferation. The expression levels of cell cycle-related genes CycB1;1, CycB2;1, CycB2;2, CycD3;1, and CDKB2;1 were all decreased in the mutant compared to the wild type (Supplementary information, Figure S3 ).
Cloning of the DEP2 gene
Genetic analysis revealed that dep2-1 and dep2-2 are allelic to each other and are formed by single recessive nuclear gene mutations (data not shown). Map- ping populations were constructed respectively based on crosses between the mutants and an indica cultivar Minghui 63. The DEP2 locus was mapped to the long arm of rice chromosome 7 between markers M1 and M5 ( Figure 4A ). We developed other three molecular markers and further delimited the target gene to a 27-kb region by markers M2 and M15 ( Figure 4A ). Within this 27-kb interval, there are five predicted ORFs: LOC_ Os07g42390, LOC_Os07g42395, LOC_Os07g42400, LOC_Os07g42410, and LOC_Os07g42420 ( Figure 4B ). DNA sequence comparison revealed a 31-bp deletion in the sixth exon and a G/A substitution in the second intron of LOC_Os07g42410 from dep2-1 and dep2-2, respectively ( Figure 4C ), and no sequence difference was found in other predicted ORFs. The 31-bp deletion in dep2-1 starts at 2 184 bp from the initiation codon ATG and caused a frameshift; the G/A substitution in the second intron of dep2-2 caused an altered splicing site of the second intron and also led to a frameshift. Thus LOC_ Os07g42410 was considered a candidate for the DEP2 gene.
An 11.1 kb genomic fragment containing the entire DEP2 coding region, 2 397 bp 5′ upstream sequence, and 1 335 bp 3′ downstream region, was constructed into the binary vector pCAMBIA1300 and transformed into the dep2-2 background. As a control, the pCAMBIA1300 
npg vector was also introduced into dep2-2. We found that the dep2-2 mutant phenotype was rescued in transgenic plants carrying the candidate gene ( Figure 4D and 4E). DEP2 knockdown transgenic lines were generated by introducing the specific RNA interference (RNAi) construct into wild type plants and the transgenic plants mimicked the dep2 mutant phenotype ( Figure 2F and 2G). Therefore, we conclude that mutation of DEP2 gene is responsible for the altered phenotype of dep2.
DEP2 encodes a novel plant-specific protein
The DEP2 gene is predicted to encode a 1 365 amino acid protein with a pI of 6.23 and molecular mass of 149 kDa. To gain further insight into the possible function of the DEP2 protein, its sequence was used to search Protein Families database of alignments and hidden Markov models [27] and other public databases. Surprisingly, DEP2 does not possess any known protein domains, indicating this protein is novel. Searching of the GenBank database (http://www.ncbi.nlm.nih.gov/BLAST) and JGI (http://genome.jgi-psf.org) identified several putative DEP2 homologs from rice (O. sativa L.), Arabidopsis, poplar (Populus trichocarpa), grape (Vitis vinifera), maize (Zea mays), and sorghum (Sorghum bicolor), and 26 sequences from these plant species were adopted to construct a phylogenetic tree ( Figure 5 ). Homologous genes are with the following accession numbers: Oryza sativa (LOC_Os03g21270, LOC_Os07g26440, LOC_Os03g64320, and LOC_Os07g42410); Arabidopsis (AT1G611001, AT4G274301, AT1G173601, AT1G724101, AT3G141721, and AT5G433101); Populus trichocarpa (Pop_44671, Pop_C_LG_VIII000, Pop_C_1070077, Pop_C_LG_XI1000, and Pop_002304238); Vitis vinifera (GSVIVP0002029200, GS-VIVP0002763000, GSVIVP0002923800, and GSVIVP0003403200); Zea mays (AC1955993_FGT020, AC2100023_FGT017, AC2114432_FGT009, AC1778344_FGT011, and AC1961623_FGT017); and Sorghum bicolor (Sb01g000280, Sb01g036410, and Sb02g039210). Notably, three putative homologs, Sb02g039210, AC2100023 FGT017, and AC1955993 FGT020, which shared around 60% amino acid sequence identity with the DEP2 protein, were identified in the sorghum and maize genome, suggesting that the function of DEP2 homologs is conserved in monocot. There are also three putative homologs At3g14172, At1g17360, and At1g72410 in Arabidopsis and one from grape (GSVIVP0002763000), which shared around 40% amino acid sequence identity with the DEP2 protein.
There are also some other homologous proteins identified with low sequence identity with DEP2, including CIP7 (At4g27430), which is a COP1-interacting protein.
CIP7 is a nuclear protein, which contains transcriptional activation activity and acts as a positive regulator of light-regulated genes [28] . However, the similarity between DEP2 and CIP7 is only restricted to the Nterminal part of the protein without any functional motif of CIP7. Yeast two-hybrid analysis was carried out to test the relationship between rice COP1 and DEP2, but no npg interaction could be detected in vivo; additionally, we did not find any transcriptional activation activity of DEP2 in contrast to CIP7 (data not shown). Proteins with weak similarities to DEP2 are also present in gymnosperm plant Picea sitchensis (ABR16652), and green algae, Physcomitrella patens subsp. patens (XP_001780764), but not in yeast or animals (data not shown). These data suggest that DEP2 is plant specific, and the existence of DEP2 proteins in different plant species might suggest its conserved biological function.
Expression pattern and subcellular localization of DEP2
To have a better understanding of DEP2 function, we examined its spatial and temporal expression pattern by using the GUS reporter system. Approximately 2 kb of the DEP2 upstream sequence was amplified and introduced into the pCAMBIA1391Z vector, resulting in the PRO DEP2 :GUS construct. Analysis of transgenic plants harboring the PRO DEP2 :GUS construct indicated the universal expression of DEP2 in various tissues, but with preferential expression in actively dividing zones (Figure 6A-6C, 6E ). The GUS signal was stronger in rachis, branches, and florets of the dividing zones than the other parts. We also noticed that the signal became weaker as panicles grew longer ( Figure 6A-6C) , and was barely detectable when panicles reached their final lengths ( Figure  6D ). In the root, the DEP2 promoter was active in root tips ( Figure 6E ).
Further quantitative RT-PCR analysis indicated that DEP2 was highly expressed in young panicles ranging from 1 to 15 cm in length; low level expression was also detected in the other organs, including roots, stems, leaves, and leaf sheathes. The expression level reached to a peak when the panicle was about 5 cm long and decreased to a low level when the panicle length reached ~20 cm ( Figure 6F ). This expression pattern correlates well with the panicle development and expression pattern obtained from the GUS reporter system, suggesting that DEP2 is required in the early rapid elongation stage of rice panicle.
We also examined the subcellular distribution of the DEP2 protein. Full-length DEP2 coding sequence was fused in-frame to the 5′ end of the GFP gene under the control of the cauliflower mosaic virus 35S promoter, and the construct was introduced into onion epidermal cells and Nicotiana benthamiana leaves via bombardment and infiltration, respectively. The signal of DEP2-GFP fusion protein could be detected in the cytoplasm, plasma membrane and nucleus in both onion epidermal cells ( Figure  7A ) and N. benthamiana leaves ( Figure 7B ). Thus, DEP2 appears to be ubiquitously distributed in plant cells.
Discussion
Previous studies have shown that extinction coefficient (k-value) of canopy increases as rice panicle starts to bend at the middle stage of grain filling, influencing the top three leaves that contribute the most to the productivity. One important limit of IR8, which was first released in 1966, is the excessive mutual shading, which causes photosynthesis reduction in the canopy [29] . Erect panicle, reducing shade area in the canopy, thus has been taken as one of the most important agronomic traits in developing high-yield rice varieties. The release of Italian cultivar Balilla and derived commercial varieties with erect panicles like Shennong 265 and Jiahua 1, have dominated high-yield japonica rice acreage. Further, erect panicle is considered to be the third landmark trait (after dwarf and hybrid rice) in the history of Chinese rice breeding [8, 9, 12, 14] .
In this study, we report the identification and characterization of the rice dep2 mutant that displays dense and erect panicle phenotype. Morphological analysis showed that the dense and erect panicle phenotype in dep2 mutants resulted from the decrease in the length of the rachis, primary and secondary branches, and the increase in the diameter of the rachis axis. In addition, plant height, culm diameter, and leaf morphology were also altered, resulting in a compact stature in the dep2 mutants. And the increased diameter of both culm and panicle may help to enhance the potential in lodging and fertilizer resistance. Genetic studies of erect panicle varieties derived from Balilla and other mutants have identified panicle erectness genes, such as DEP1/qPE9-1, EP2, and EP3, in recent years [10] [11] [12] [14] [15] [16] . Unlike dep1, the number of spikelets and primary and secondary branches was almost the same in dep2 compared to the wild type.
Rice undergoes a series of complicated events to form the panicle structure. The first step is the formation of rachis meristem, arising from the shoot apical meristem. Primary and secondary branch meristems are then successively formed. The third step is the differentiation of floral organs such as glume, lodicules, stamen, and carpel. After all floral organs are differentiated, rachis and branches begin to elongate exponentially till heading, reaching the full length [17] . To date, most of the identified genes affecting panicle architecture are involved in the establishment of inflorescence meristems, while little is known about the molecular basis of the outgrowth and elongation of branches. SP1 (SHORT PANICLE 1), which encodes a putative PTR family transporter, was recently cloned. Growth and elongation of panicle are significantly delayed in the sp1 mutant, leading eventually to arrested and faded branches after heading [25] .
Our results demonstrate that the formation of primordia was not affected in dep2. No noticeable difference could be observed at the early stage of panicle elongation, but when the panicle grew 5 cm long, the panicle of the mutant was distinctively shorter than the wild type. We further compared the longitudinal section of the uppermost internodes, rachis axis, and florets at the last stage of heading and found that cell elongation was not affected, indicating that the phenotype (shortened panicle) might be caused by a defect in cell proliferation. The expression levels of cell cycle-related genes CycB1;1, CycB2;1, CycB2;2, CycD3;1, and CDKB2;1 were all decreased in the mutant compared to the wild type (Supplementary information, Figure S3 ). Consistent with its function, DEP2 expression is most abundant when the panicle is 5 cm long, at which time the panicle undergoes rapid elongation. In addition, GUS activity was mainly detected in the actively dividing region, especially in young panicles, and was barely detectable when the panicle reached its final size. These results suggest that DEP2 may be essential in panicle outgrowth and elongation instead of the initiation and formation of panicle primordia.
The map-based cloning of DEP2 revealed that it encodes a large protein with no recognizable functional domain. DEP2 homologs were found from green algae to higher plants, but not in animals or fungi, suggesting that DEP2 may be a plant-specific protein. The only existing low similarity to CIP7 in Arabidopsis is found at the Nterminal part of the protein, while the COP1-interacting motif, transcription activation domain, and the nuclear localization signal domain are all missing in DEP2. By using the yeast two-hybrid system, we could not detect an interaction between PEP2 and COP1; and further, DEP2 did not show transcriptional activation activity in vivo (data not shown). Transient expression of DEP2-GFP in both onion epidermal cells and tobacco leaves revealed that DEP2 shows a different subcellular localization pattern from that of COP1. These results suggest that the biological function of DEP2 may be different from CIP7.
Erect panicle trait has been used in rice breeding programs in the northern part of China, resulting in marked increases in grain yield. The extensive use of limited erect panicle sources, mainly derived from Balilla, however, causes a bottleneck effect in the genetic background when breeding for new varieties, and this may cause an eventual genetic vulnerability of crops to pests and diseases [30] . Although the reduced grain length leads to a slight decrease in 100-grain weight, dep2 optimizes canopy structure and increases lodging and fertilizer resistance; hence, the new DEP gene identified in this study may provide another candidate for future molecular breeding. Further studies to clarify the molecular mechanism of DEP2 should help shed light on the developmental processes that underpin rice panicle formation.
Materials and Methods
Plant materials and growth conditions
The rice (O. sativa L.) dep2-1 (japonica cv. Zhonghua 11) and dep2-2 (japonica cv. Nipponbare) mutants were isolated from our www.cell-research.com | Cell Research 
Map-based cloning
The dep2-1 mutant was crossed with Minghui 63, an indica variety. Plants showing dense and erect panicle phenotype in the F2 progeny were selected for the genetic linkage analysis. Molecular makers distributed throughout the rice genome were utilized for preliminary mapping [31, 32] . Additional STS markers were designed according to the DNA sequences of indica and japonica (http://www.ncbi.nlm.nih.gov). Primer pairs used were as follows: MP1 (5′-TAC CTC TTC CGT TCA CTG-3′ and 5′-TAC GTT TAC TTT GTT CAT CT-3′), MP2 (5′-AGG AGC CCA TCC GAT CTT CT-3′ and 5′-GGA GCA GCG CTA GGG TGA G-3′), MP5 (5′-CAT GAA CCT TTT GCA TTT-3′ and 5′-TTG GCT ATA CTA TTG AAC CTG-3′), MP11 (5′-CAA CCG AAT CCA AAG TCA-3′ and 5′-AAC GGA ACT CAA CTC ACC A-3′), and MP15 (5′-ACT GAT TCC GCA TTA TTT G-3′ and 5′-TAG TGG CGG TAG AGG TAC-3′).
Complementation test
For complementation of dep2 mutant, 11.1 kb fragment containing the entire DEP2 coding region, the 2 798-bp upstream sequence, and the 1 335-bp downstream sequence was acquired from BAC a0079J03 digested with the restriction enzyme BglII/ SwaI. The fragment was inserted into pCAMBIA1300 vector carrying a hygromycin-resistant gene, by digesting with BglII/SmaI to generate the transformation plasmid for the complementation test. The resulting transformation plasmid, as well as the empty pCAM-BIA1300 vector as control, was introduced into the dep2-2 mutant by Agrobacterium tumefaciens-mediated transformation according to a published protocol [33] .
RNAi construct
RNAi construct was constructed as described previously [34] ; briefly, the OsGRF fragment in pCGI was replaced with the ORF fragments of DEP2 (p4501 targeting to + 2 875 to + 3 203 bp) by the primer 5′-CTC GAG AAA ATA CAA AGC CCT CAG-3′ and 5′-AGA TCT AAT CCA GCT ATA CCG ACA-3′. DNA fragments that consist of a sense and an antisense strand separated by an intron were inserted into pXQ35S (a derivative of pCAMBIA2300 carrying the CaMV 35S promoter and the OCS terminator).
Scanning electron microscopy
Shoot apexes of the wild type and dep2 plants were collected on a daily basis from the vegetative stage, shortly before phase transition to the end of floral differentiation. Shoot apexes were dissected carefully and fixed overnight at 4 °C in FAA (formalin: glacial acetic acid: 70% ethanol; 1:1:18), and dehydrated in a graded ethanol series. The samples were dried in a critical-point drier, sputter-coated with platinum, and observed under a SEM (Quanta200; FEI, http://www.fei.com/).
Histological analysis
For microscopic observation, uppermost internodes, rachis axis, and florets in the late stage of heading were fixed in FAA (formaldehyde: glacial acetic acid: 70% ethanol; 1:1:18) and dehydrated in a gradient ethanol series. The samples were embedded in Paraplast Plus (Sigma). Microtome sections of 10 µm thickness were applied to silane-coated glass slides (Sigma). Paraffin was removed from the sections using xylene, and then the sections were dehydrated through a gradient ethanol series, and stained with toluidine blue before observation.
RNA extraction and quantitative RT-PCR
Total RNA was extracted using the guanidinium isocyanate/ acidic phenol method described previously [35] . The RNA was pre-treated with DNase I, and first-strand cDNA was synthesized from 2 µg total RNA using oligo(dT) 18 as primers. First-strand cDNA product equivalent to 50 ng total RNA was used as template in a 20 µl PCR reaction. For quantitative RT-PCR, SYBR Green I was added to the reaction system and run on a Chromo 4 real-time PCR detection system (Bio-Rad, http://www.bio-rad. com/) according to the manufacturer's instructions. The data were analyzed using Opticon monitor software (Bio-Rad). Three repeats were carried out for each gene. The rice ACTIN1 gene was used as an internal control in the analysis (primer pairs 5′-ACA TCG CCC TGG ACT ATG ACC A-3′ and 5′-GTC GTA CTC AGC CTT GGC AAT-3′). The primers for quantitative RT-PCR analysis of DEP2 expression were 5′-TGC GTG ATA GCC TAG AAC GAA G-3′ and 5′-CTG GAA TCA GCA CTC CTG GAT G-3′; for CycB1;1 they were 5′-AGG TTG CTG CCT CTG CTG TCT A-3′ and 5′-GTG AGC GAA GTG CCA CTC CTC C-3′; for CycB2;1, 5′-CTT GAG TCA GGA GCA GGA GGT-3′ and 5′-AGC TTA CAT AGG CTG AAT GCC-3′; for CycB2;2, 5′-GGC ACT GTA ACT GAT TGG CTC A-3′ and 5′-CAA ACG CAG ATC AAT GTC TCG-3′; for CycD3;1, 5′-CCC CAA GGA TGA GAT GGC AGA G-3′ and 5′-ACG AGC TGT CGC AGC TGA AGC-3′; and for CDKB2;1, 5′-AAG CAG GGG CAG AAC AAG GAG G-3′ and 5′-TGG TCT TGC GGT CCA TGA GCA G-3′.
GUS staining
For promoter analysis, about 2 kb of DEP2 5′ region was amplified with primers 5′-ACA AGC TCC CTT GGT TGC A-3′ and 5′-CGA GGT CGG ATC TGG TGG A-3′, and inserted into the SalI and EcoRI site of pCAMBIA1391Z vector. The resulting plasmid was transformed into rice, and GUS staining was performed according to the method described previously [36] . Various tissues or hand-cut sections of PRO DEP2 :GUS transgenic plants were incubated in a solution containing 50 mM NaPO 4 buffer (pH 7.0), 5 mM K 3 Fe(CN) 6 , 5 mM K 4 Fe(CN) 6 , 0.1% Triton X-100, and 1 mM X-Gluc at 37 °C. Images were taken directly or under the stereomicroscope (SZX16, Olympus, http://www.olympus-global.com/).
Phylogenetic analysis
Homolog sequences of DEP2 in Populus trichocarpa, Sorghum bicolor, and Vitis vinifera were obtained at JGI website (http:// genome.jgi-psf.org), other homologous sequences were obtained from PsiBlast searches at the National center for Biotechnology Information (http://blast.ncbi.nlm.nih.gov/Blast.cgi). Multiple sequence alignments of protein were done by T-Coffee with default setting. After manual correction for poorly aligned region, the alignments format was changed to nexus. A phylogenetic tree of the sequenced lines was reconstructed by the neighbor-joining (NJ) method by MEGA3 [37] . Bootstrap values were estimated (with 1 000 replicates) to assess the relative support for each branch. All positions containing alignment gaps were eliminated in pairwise 
Subcellular localization of DEP2
To determine localization of DEP2 protein in plant cells, fulllength DEP2 coding sequence was amplified by PCR with primers 5′-AGA TCT GAT GGA GCC CGA CGC CCC G-3′ and 5′-CCT AGG CCT GAG CCT TGC ATC ACC-3′, and inserted into the BglII/SpeI site of pCAMBIA1302 vector. The fusion construct and control were transformed into onion epidermis cells by particle bombardment using PDS-1000/He (BIO-RAD) [38] . This construct was also introduced into Agrobacterium tumefaciens GV3101 and then infiltrated into the leaves of 3-week-old Nicotiana benthamiana plants [39, 40] . GFP was detected by a confocal laser scanning microscopy (Leica TCS SP5) 24 h after transformation of onion epidermis cells and 48 h after infiltration of N. benthamiana leaves.
